Metabolic and contractile responses of rat fast-twitch muscle to 10-Hz stimulation.
Contractile and metabolic responses of rat fast-twitch gastrocnemius-plantaris muscles were studied. Acute in situ 10-Hz stimulation (STIM) for two 60-min periods, separated by 60 min of recovery (REC), was used. Muscles were removed at 1, 3, 15, 60, 75, 120, 123, or 180 min for metabolite measurements. Twitch and tetanic tensions were reduced to 36 and 28% of initial during the first 60 min of STIM. During REC, these tensions returned only to 56-58% of initial by 120 min. These contractile responses did not parallel changes in metabolites in mixed muscle. pH was reduced from 7.0 to 6.4 by 1 min, but by 15 min of STIM had returned to resting levels. Free ADP and AMP increased 3- and 15-fold during STIM, then decreased to resting levels by 3 min of REC. The most sensitive indicator of metabolic stress during STIM and REC was the phosphorylation potential, which varied up to 40-fold. After initial phases of depletion, ATP and phosphocreatine levels were partially restored despite ongoing STIM. Approximately 75% of the change in ATP level could be accounted for by IMP. In red gastrocnemius [fast-twitch red (FTR)] muscle, IMP was increased by 3 min of STIM but returned to control values by 60 min. Thus reamination of IMP occurred during contractions of FTR muscle. Metabolic and contractile responses during the second STIM period (120-180 min) were similar to the first. This cycle of metabolic and contractile responses occurs in fast-twitch muscle which, with chronically repeated STIM and REC periods, undergoes large phenotypic changes as a result of use.